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要約 
Nowadays, realization of new devices with a low power consumption and high complexity are a challenging but an important 
issue to be applied to non von Neumann computers. In spintronics, synthetic antiferromagnetic (SAF) structures are one of the 
candidate materials because of their high frequencies, no stray fields, room temperature operation, and multi-degrees of 
freedom in magnetization dynamics which are acoustic (AC) and optical (OP) modes. However, there are a few reports on 
magnetization dynamics, especially magnetic damping for the SAF with non-collinear configuration of magnetizations. Those 
are important to apply SAFs to the device applications. Moreover, there are no reports whether the AC and OP modes can 
interact with each other. Therefore, this study was aimed at clarifying their magnetization dynamics and damping in the 
non-collinear SAF structures and at observing the non-linear interaction [Chapter 1-2]. 
The SAF structures of Si/SiO2(subs.)/Ta(3)/Co20Fe60B20(3)/Ru(tRu)/Co20Fe60B20(3)/Ta(3) were prepared by sputtering 
(thickness is in nm). Magnetizations were measured by a vibrating sample magnetometer, and an interlayer-exchange coupling 
energy of the SAF structures were optimized with varying the Ru spacer thicknesses tRu [Chapter 3-4]. 
Non-collinear magnetization dynamics in the SAF structures were measured by a time-resolved magneto-optical Kerr effect 
(TRMOKE) technique. We clearly observed the magnetization precession of the AC and OP modes via a pump-laser-induced 
change in the Kerr rotation angle ∆θK by changing the pump-probe delay time ∆t with various applied magnetic field µ0H. We 
also calculated the Landau-Lifshitz-Gilbert equations taking account of the dynamic exchange coupling caused by a spin 
current. This gives rise to the enhancement of an effective damping constant αeff only for the OP mode [Chapter 5]. 
We also clearly observed their magnetization precessions by changing the applied magnetic field angle θH and the pump-laser 
power Ppump. With relatively high power, Ppump > 5 mW, the magnetization precession of the AC mode showed a temporal 
amplification as a function of ∆t under the condition of 2fAC ~ fOP, where fAC and fOP are the frequency of the AC and OP 
modes, respectively. Correspondingly, we also observed the large enhancement of the spectrum density of the AC mode in the 
frequency domain. Those data were explained in terms of the parametric amplification of the AC mode by the OP mode via the 
non-linear mode coupling. This was also supported by the numerical calculation with the exchange-coupled macro-spin model.      
A threshold of the OP mode amplitude to achieve the AC mode amplification was also discussed [Chapter 6]. 
This study clarified the non-collinear magnetization dynamics and magnetic damping in SAF structures. Furthermore, this 
study successfully demonstrated the non-linear parametric amplification. Thus, this study contributes the deep understanding 
the physics of SAF, such as a quasi-particle interaction. Furthermore, this study also contributes the developments of new 
functional spintronics devices, for example, the amplifier for a magnon-based wave computer or a neuromorphic architecture 
using a non-linear magnetization dynamics. 
 
